A novel series of fluorophore-heterofullerene conjugates 10-14 − the fluorophores range from benzene, naphthalene, phenanthrene, and fluorene to pyrene − was synthesized. NMR spectroscopy and quantum mechanical calculations demonstrate that the flexibility of the acetyl-group linker opens the way for conformations with π-π stacking interactions between the chromophores. This leads to favorable electronic communication between the two subsystems and is reflected in a series of ground-and excited-state assays ranging from fluorescence to fast transient absorption measure-
Introduction
The initial event in bacterial photosynthesis involves the absorption of photons by the light-harvesting antenna system, which is followed by a rapid transduction of this energy − over large distances and in high quantum yields − to the reaction centre protein, where "electron transfer" trapping occurs. [1] However, owing to the complex requirements that are associated with sequential energy and electron transfer relays, optimization of each individual step involved becomes central. In this respect, free energy changes, electronic couplings and spectral overlaps are three of the most important parameters gauging the rates and efficiencies of electron-and energy-transfer processes.
[2] Additionally, energy-transfer processes in a cascade like arrangement are the focus of efficient light conversion into states that are longer-lived than the precursor excited states. An alternative motivation is the biologically important production of singlet oxygen ( 1 O 2 ) as a product of excited-state quenching. [3, 4] Fullerenes have proven to be a rich platform for conducting supramolecular and nanoscale chemistry, [5, 6] which allows, for example, the design of architectures that are suit-ments. It was found that a common deactivation process of the photoexcited fluorophores takes place, namely, a quantitative transduction of singlet excited state, yielding the heterofullerene singlet excited state. This reaction pathway leads to the long-lived and highly reactive fullerene triplet state, which forms, in a reaction with molecular oxygen, a cytotoxic oxygen species (i.e. singlet oxygen).
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim, Germany, 2005) able for undergoing photoinduced electron-and energytransfer processes. Covalent functionalization of the fullerene core [6] with fluorophore moieties is expected to enhance the ground-state absorption of the resulting dyads and is expected to promote the light-harvesting effect. As fluorophore substituents we have chosen polycyclic aromatics, not only because they are often used as chromophores, but also due to their high-lying excited states and their strongly fluorescing features.
Integrating several redox-and light-responsive systems into a single ensemble requires careful adjustment of the properties of the individual components and their optimization. An attractive alternative to isocyclic fullerenes, as components for such conjugates, are hetereofullerene building blocks (i.e. C 59 N) . [7] We have recently developed a variety of versatile protocols for the direct and completely regioselective attachment of aromatic as well as aliphatic moieties, namely, adjacent to the hetereoatom. [8] In such azaheterofullerene derivatives, substitution of a carbon atom with nitrogen alters the redox potential and the excitedstate energies of the fullerene.
[9] Significantly, C 59 N derivatives render better electron acceptors than C 60 and C 60 derivatives that bear similar addends. We are interested in accomplishing a better understanding of factors that govern and optimize electron and energy transduction processes in C 59 N-based donor-acceptor conjugates en route to integrated devices for solar energy conversion.
Here we describe the synthesis of a series of heterofullerene-fluorophore conjugates and the dynamics of the individual processes following photoexcitation by means of transient spectrophotometric and fluorometric techniques ( Figure 1 ). We believe that this approach offers a viable al-ternative for developing well-defined architectures, bearing a C 59 N core, which give rise to sequential energy and electron transduction processes. 
Results

Synthesis of the Heterofullerene-Fluorophore Conjugates
Substituting a single carbon atom of the C 60 framework with nitrogen leads to the formation of an open-shell system. Consequently, the simplest azaheterofullerene can only be isolated as its corresponding dimer 1. [7] In the dimeric form two C 59 N moieties are connected through an sp 3 -carbon adjacent to the nitrogen.
In conventional donor-acceptor dyads, which involve the isocyclic C 60 core, cycloaddition reactions of either linker molecules or donor components take place at a [6, 6] -double bond of the fullerene core. Since all [6, 6] -double bonds of C 60 are topologically identical, only one regioisomer is formed during the monoaddition reaction. In the case of (C 59 N) 2 (1), topologically and chemically different [6, 6] double bonds are present. Consequently, several regioisomeric cycloadducts might be formed. The chemistry of (C 59 N) 2 (1), on the other hand, is characterized by an interfullerene bond that is subject to thermal cleavage. The resulting open shell C 59 N radical or its oxidation product C 59 N + undergoes saturation through the addition of a radical or a nucleophile. [7] [8] [9] Following both reaction paths only monoadducts are formed, in which the addends are always located at the C-1 position, namely, adjacent to the heteroatom. Based on the C 59 N + chemistry, [8, 10] direct attachment of an aromatic (i.e. serving as the trapping nucleophile itself -type 1) [8a] and/or indirect attachment (i.e. through an enolizable side chain -type 2) [8b-8d] are conceptually possible. In the first case, rigid molecular architectures are obtained, in which the aromatic moiety is directly connected to the heterofullerene core. We have recently described the syntheses and the physical properties of this kind of heterofullerene derivatives emerging from the connection of the C 59 N core and coronene, pyrene, corannulene, and ferrocene. [11] By inspecting, for instance, 1-(hydroazafullerenyl)pyrene (2) [11a] (Figure 2 ), the only conformational freedom involves rotation of the addend about the connecting σ bond. The π orbitals of the arene subunit and that of the heterofullerene core assume perpendicular orientations to each other. Therefore, the electronic communication between the redoxactive moieties is less than perfect. Nevertheless, a quantitative transduction of photonic excited-state energy from the arene subunit to the azaheterofullerene core is observed. This is a promising result for the systems investigated in this study. The introduction of an aliphatic linker between the fullerene core and the arene moieties will further enhance the flexibility. It should then be possible to orientate the two different π systems so that an optimal overlap between the two sets of orbitals is achieved. Therefore, the electronic coupling in these conjugates should be better than in the rigid system 2. For the construction of such architectures we chose the type 2 functionalization method.
[8b-8d] As starting materials we used the acetyl-substituted aromatics 3-7, which led to the introduction of a flexible -CH 2 COlinker after coupling with the C 59 N moiety. The selection of fluorophores 3-7 allows for the modulation of the absorption cross sections within the range of 300 to 400 nm. Furthermore, the C 2 acetyl linker ensures that all different fluorescent subunits have the same spatial distance relative to the heterofullerene core and the same degree of rotational freedom. Therefore, the photophysical properties can be directly related to the fluorophore-heterofullerene interactions. The syntheses were carried out by treating 1 with the corresponding acetyl fluorophores 3-7 and p-TsOH at 150°C in o-dichlorobenzene (ODCB) under a constant stream of air. The resulting fluorophore-heterofullerene conjugates 10-14 were obtained in good yields. Compound 15, carrying a non-aromatic adamantyl addend, was prepared for comparison. The complete structural characterization of adducts 10-15 was carried out by 1 H NMR, 13 C NMR, UV/Vis, and FT-IR spectroscopy as well as by mass spectrometry.
Spatial Orientation of the Subunits
In general, a pronounced back folding tendency of the extended π moiety towards the heterofullerene core is deduced from the analysis of the 1 H NMR spectra of conjugates 10-14. In the following, we would like to demonstrate this by discussing the 1-acetyl pyrene-heterofullerene adduct 14. If, in fact, the steric demand of the substitutions would be the only factor governing the adoption of the most preferred conformation, we would expect an antiperiplanar orientation of the pyrene substituent relative to the heterofullerene core. This scenario is illustrated in Figure 3 . In this conformation, the repulsive interaction between the substituent and fullerene is minimal. In this case, the anisotropic influence of the heterofullerene π-system on the chemical shifts of the pyrene protons should be weak, because the two subsystems are spatially separated. An attractive π-π interaction between the two subunits, on the other hand, should lead to the back folding of the pyrene substituent towards the heterofullerene core. This situation is shown in Figure 4 , where the antiperiplanar conformation is superimposed with the conformation that accounts for the efficient π-π stacking interaction. The closest distance that spans between the fullerene surface and the protons on the pyrene ring is about 3.2 Å (semiempirical calculations with PC-Spartan Pro [12] ), compared to 5.2 Å in the antiperiplanar conformation. In 2, [11a] where the pyrene unit is directly connected to the heterofullerene core, the closest distance to the arene protons is only 2.0 Å. The 1 H NMR spectrum of 2 reveals large anisotropic shifts for the resonances related to the pyrene protons. Figure 5 shows a direct comparison of the 1 H NMR spectrum of pyrene (19) and 1-(hydroazafullerenyl)pyrene (2). The doublet located at δ = 10.53 ( 3 J = 9.4 Hz) corresponds to proton H1, which has the shortest distance (2.04 Å) to the heterofullerene surface. The signal of this proton is shifted by 2.43 ppm downfield, due to the anisotropic influence of the fullerene core. The doublet at δ = 9.54 ( 3 J = 8.2 Hz) can be traced back to H9 with a distance of 2.41 Å in relation to the fullerene surface. This proton experiences an anisotropic shift of 1.33 ppm. The downfield shift of proton H8 (δ = 8.57, doublet, 3 J = 8.2 Hz) and H2 (δ = 8.51, doublet, 3 J = 9.4 Hz) is 0.48 ppm and 0.38 ppm, respectively. H9 is 4.02 Å and H3, 4.61 Å away from the π surface of the fullerene. The increased spatial distance between the remaining protons and the heterofullerene core leads only to small anisotropic shifts. The assignment of the signals was carried out by using H-H-COSY and C-H-COSY spectroscopy. The distances have been determined from the geometric optimized PM3 structures. [12] These investigations clearly demonstrate that heterofullerene-acetyl arene conjugates 10-14 adopt antiperiplanar conformations ( Figure 3 ) and involve a spatial separation of the closest arene proton from the fullerene surface of about 5.2 Å only. As a consequence, only very weak anisotropic shifts are to be expected. However, this is not the case. Figure 6 compares the 1 H NMR spectra of 2-acetylpyrene (7) and 2-(hydroazafullerenyl)-1-(pyren-1-yl)ethanone (14) . Again, a significant downfield shift of the signals for the arene protons is observed. Proton H1 experiences the biggest downfield shift (δ = 0.68). Its doublet ( 3 J = 8.0 Hz) appears at δ = 9.00. Proton H9 (δ = 9.51, 3 J = 9.3 Hz) and proton H8 (δ = 8.39, 3 J = 8.0 Hz) experience a downfield shift of 0.45 and 0.23 ppm, respectively. Even the triplet of proton H6 (δ = 8.10, 3 J = 7.7 Hz), which has the largest distance to the acetyl function, is shifted downfield by 0.12 ppm. Again, the signal assignment was carried out by using H,H-COSY and C-H-COSY spectroscopy.
The downfield shifts of the arene protons are mainly due to the anisotropic influence of the heterofullerene core. The -I effect of azaheterofullerenes should play no crucial role, since the fullerene moieties and arene subunits are separated by C 2 spacers. We conclude that a low-energy conformer is preferred, in which attractive π-π interactions leads to a back folding of the arene moiety towards the fullerene surface. In this conformer, the π systems of both chromophores are oriented parallel to each other (Figure 4) . As a consequence, favorable electronic throughspace interactions between the two redox-active moieties are enabled. However, at room temperature rotation about the σ bonds within the dyads 10-15 is still allowed. This is exemplified in the 13 C NMR spectra of all heterofullerene conjugates 10-15, which all reveal C s symmetry. Therefore (7) [bottom] and 2-(hydroazafullerenyl)-1-(pyren-1-yl)ethanone (14) [top].
show single intensity. The latter belong to the fullerene trans-1 carbon atoms, located on the mirror plane. The characteristic signal of the sp 2 -C atom of the heterofullerene cage appears in the region between δ = 85 and δ = 89. In conclusion, the NMR spectra of 10-14 clearly show that these dyads are rather flexible. However, confirmations involving effective π-π stacking interactions between the chromophores are preferred.
Ground-State Features
As mentioned above, the selection of fluorophores 3-7 allows for the modulation of the absorption cross sections within the range 300-400 nm. As far as exploring possible electronic perturbations in the singlet ground state is concerned, it is important to gather that the ground-state absorption spectra of all fluorophore-heterofullerene conjugates 10-14 appear as nearly strict superimpositions of those of the individual fragments, 3-7 and C 59 N reference 20. This indicates the absence of strong interactions between C 59 N and the different fluorophores.
Excited-State Features
In the next step we tested the excited-state interactions in fluorophore-heterofullerene conjugates (10) (11) (12) (13) (14) by means of steady-state and time-resolved photolytic experiments, including fluorescence and transient absorption measurements. In particular, the photophysics of 10-15 were compared with i) two sets of suitable fluorophore references, that is, pristine compounds 16-19 ( Figure 7 ) and their acetyl analogues 3-7 and ii) C 59 N reference 20.
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Steady-State Fluorescence
As a general feature, the fluorescence spectra of 3-7, 10-15, 16-19, and 20 should be discussed by dividing them into two sections. First, the high-energetic near-visible region should be considered where, typically, the strong fluorophore emission is detected. Second, the low-energetic nearinfrared part emerges, where the C 59 N emission [9h] is expected to be seen. An illustration is given in Figure 8 , which summarizes the differences between the fluorophore (19) emission features and that of C 59 N derivative 20.
All fluorophore references 16-19 are extremely strong singlet excited-state emitters, with quantum yields that approach unity. [13] This renders them convenient probes for the photophysical measurements, especially regarding intramolecular interactions in the fluorophore-heterofullerene conjugates. In the set of acetyl references 3-7, the light emission is, however, significantly lower. The difference, for example, in the pyrene derivatives is as great as 350. An important structural aspect is that the fluorophores 3-7 bear acetyl functionalities, which makes them a priori weaker emitters than typically found for the analogous pristine materials 16-19. A likely rationale can be sought in the dominating n-π* character of the acetyl functionalities, rather than just being a pure π-π* state. The impact of the n-π* character is so strong that its presence leads to a decrease in the radiative (i.e. fluorescence) and an increase in the nonradiative contribution (i.e. intersystem crossing) for the deactivation of photoexcited 3-7.
Despite the highly constrained and rigid carbon network in fullerenes, their singlet excited states give rise to a surprisingly weak emission, and C 59 N derivative 20 is no exception to that trend. Its fluorescence quantum yield (Φ) is quite moderate with a value of 1.5 × 10 -4 .
[9h] For 20, it holds that when comparing its room temperature emission with a low-temperature experiment a significant gain of resolution is realized. At 77 K, 20 exhibits maxima at 815, 828, and 833 nm, while at room temperature only a single *0-0 emission peak is noted at 825 nm.
In a typical fluorescence experiment performed with fluorophore-heterofullerene conjugates 10-14, the groundstate maxima of the fluorophores (i.e. 318-390 nm) were chosen as the excitation wavelength to ensure quantitative excitation of the fluorophore. Typically, less than 10 % of the excitation light reaches the C 59 N moiety. Variable extents of fluorophore emission quenching are noted in 10-14 (see Figure 9) . Table 1 reveals that the quenching ratio ranges from 3 to 1100. Interestingly, while the quenching is quite drastic in relation to 16-19 with factors as large as 1100, it is as little as 3 relative to some of the acetyl references 3-7. It is important to note that even under the latter circumstance, that is, n-π* induced deactivation of the fluorophore fluorescence, additional quenching is still discernible.
Analogous with the fluorophore quenching in the nearvisible region (Figure 9 ), we found a new emission band in the near-infrared region ( Figure 10 ): maxima at around 825 nm are characteristic of the C 59 N fluorescence. Considering that the fluorophores were excited at their ground- state maxima, where the C 59 N contribution is marginally small (i.e. less than 10 %), the transfer of singlet excitedstate energy is very likely to be responsible for the C 59 N fluorescence. To confirm the origin of the near-infrared fluorescence, an excitation spectrum of the 825 nm emission was taken. For example, 2-azafullerenyl-1-(1-pyrenyl)ethanone (14) and 1-acetyl pyrene (7) both reveal identical excitation maxima at around 390 nm, which also matches the maximum of the pyrene ground-state absorption in 7 and 14. Similar observations were made for the remaining fluorophoreheterofullerene conjugates.
To quantify the energy transfer efficiency in 10-14, the C 59 N fluorescence quantum yields were determined with reference to a suitable model compound, 20, with matching absorption at the excitation wavelength. As can be seen by inspection of Table 1 , the quantum yields in toluene are close to 1.5 × 10 -4 and confirm a nearly quantitative transfer. A complementary set of experiments in a more polar solvent such as o-dichlorobenzene led to the same results. The latter data are important, since it proves that energy transfer is the main process by which the photoexcited fluorophores deactivate in 10-14. Electron transfer, on the other hand, which is expected to become more exothermic in the more polar solvents, plays no relevant role. [14] 
Time-Resolved Fluorescence
Time-resolved emission experiments allow us to analyze the contributions from both fragments, that is, the nearvisible fluorophore fluorescence and the near-infrared C 59 N fluorescence. Therefore, following the 337 nm laser excitation, the fluorescence decay was probed in both regions.
Let us first address the question of the fluorophore emission in the two sets of reference compounds, 16-19 and 3-7. The acetyl functionality has a strong impact on the fluorescence lifetimes. Considering pristine pyrene (19) and 1-acetyl pyrene (7), for example, we measured values of 260 ns and ca. 0.15 ns, respectively. This affect parallels that of the fluorescence quantum yields and is ascribed to stem from the n-π* character of the acetyl functionalities. Table 1 
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On the other hand, C 59 N reference 20 shows a monoexponential decay of its 825 nm fluorescence, for which lifetimes of ca. 1.0 ns were derived in toluene and o-dichlorobenzene; this is in good agreement with recent work. [9] Grounds for this fast decay is obtained from the fact that an efficient spin-orbit coupling accelerates the spin-forbidden transition between the singlet and triplet manifolds.
In the corresponding fluorophore-heterofullerene conjugates 10-14 evidence for both emissions were found. The fluorophore lifetimes are reduced to about hundred picoseconds and thereby appreciably shortened relative to that seen for 16-19. The underlying lifetimes indicate slower energy transfer rates than found in C 60 -based arrays, which bear arene-, oligomer-, or porphyrin chromophores as excited-state energy donors. [5] A likely rationale can be seen in the very large energy gap between the singlet excitedstate energies of the donor (i.e. 3.0-3.5 eV) [13] and that of the C 59 N acceptor (1.5 eV) . Consequently, it is safe to assume that the overlap integral between the orbitals involved must be small. It is important to note that, in line with the nearly quantitative C 59 N fluorescence quantum yields, the fluorescence lifetimes of the C 59 N moieties in the fluorophore-heterofullerene conjugates 10-14 resemble those of C 59 N reference 20 and are not noticeably impacted by the presence of the fluorophore.
[11b] They vary typically between 1.0 and 1.2 ns.
Transient Absorption Measurements
In order to complement the fluorescence studies, the photophysics of 3-7, 10-15, 16-19 and 20 were probed by means of time-resolved transient absorption spectroscopy. Following short, pico-(18 ps) and long, nanosecond (8 ns) excitation helps in the analysis of the dynamic processes, which are associated with the generation and fate of the photoexcited states in 3-7, 10-15, 16-19 and 20, and in the identification of the corresponding photoproducts.
In picosecond experiments with 16-19 differential absorption changes in the visible and near-infrared region reveal several transient maxima and minima. For example, the singlet-singlet characteristics of pristine pyrene (19) are an absorption band in the spectral region around 480-550 nm. None of the fluorophores used show significant singlet deactivations on the picosecond time scale (i.e. up to 4000 ps). The slow intersystem crossing rates in 16-19 were tested with nanosecond experiments, which also enabled us to follow the triplet decays (see Table 1 ).
In 3-7, however, the picosecond domain is dominated by a rapid singlet excited-state deactivation, which takes place nearly instantaneously, that is, close to our time-resolution (i.e. 20 ps). The underlying rates (i.e. Ϸ 10 10 s -1 ) are reasonable matches to the fluorescence lifetimes and corroborate the short-lived nature of photoexcited 3-7. As far as the nanosecond experiments are concerned, the characteristic triplet maxima were employed to determine the triplet lifetimes ( Figure 11) . Principally, the decay of the triplet excited states of 3-7 follows mono-exponential kinetics to recover the singlet ground state. The triplet deactivation is in some cases as fast as 0.5 μs, for example, in acetophenone (3), but in 1-acetyl pyrene (7) and 2-acetly phenanthrene (5) values of 15 μs were found, indicating a notably slower decay.
Differential absorption spectra of C 59 N reference 20 in toluene solution reveal the growth of a near-infrared absorption maximum, which is centered around 940 nm (not shown).
[11b] Principally, this observation is in close agreement with that noted for fullerenes in general, that exhibit singlet-singlet absorptions with a strong near-infrared maximum.
[6g] In the case of 20, this transient absorption is short-lived and decreases through a clean first-order decay (1.1 × 10 9 s -1 ). Analogous with this deactivation, the formation of a new absorption develops around 860 nm, similar to that displayed in Figure 12 .
The close resemblance of the decay and growth kinetics leads to the conclusion that the underlying process is a direct transformation of the singlet excited state into the energetically lower lying triplet excited state via a spin-forbidden intersystem crossing (ISC) between the two manifolds. In the absence of alternative deactivation processes, the triplet lifetime is in the order of 15 μs under our conditions. The product of the spin-forbidden deactivation is the singlet ground state.
Differential absorption changes, upon picosecond excitation of 10-14, show the singlet excited-state signature of the fluorophore at low time scales (i.e. 20-50 ps) . For example, the pyrene singlet excited state in 14 was identified by a transient maximum at ca. 500 nm. However, the fluorophore's lifetime is short: on average, the lifetime of the fluorophores is about 100 ps and, thus matching their fluorescence lifetimes. On a time scale greater than 100 ps, the newly formed singlet excited state of the C 59 N core is metastable. Similar to the findings on the reference compound, the singlet excited-state features, that is, a broad maximum at ca. 940 nm, undergoes an intramolecular decay, for which we determined rate constants of 1.0 × 10 9 s -1 . The product of this ISC is the energetically low-lying triplet excited state.
In line with the proposed energy-transfer mechanism, the differential absorption changes, recorded immediately after an 8-ns pulse, show the same spectral features of the C 59 N reference triplet excited state as those observed at the end of the picosecond experiments. Precisely, three maxima located at 650, 860, and 1040 nm were observed (Figure 12 ).
The lifetime of the fullerene triplet was estimated to be ca. 15 μs.
In order to probe the reactivity of the product from photoexcitation of the fluorophore-heterofullerene conjugates 10-14, bimolecular quenching rate constants with molecular oxygen were determined from toluene solutions purged with variable amounts of O 2 . The oxygen quenching rate constants (Ϸ 10 9 m -1 s -1 ) are very similar to those noted for pristine fullerenes and monofunctionalized fullerene derivatives. [6] 
Conclusion
A series of fluorophore-heterofullerene conjugates 10-14 was synthesized in which the flexibility allows an efficient π-π stacking interaction between the chromophores. Photophysical steady-state and time-resolved measurements clearly show the photosensitization effect of the fluorophores that act as an antenna system and transmit their excited-state energy to the covalently attached C 59 N moiety. This enables the efficient C 59 N triplet generation, even in a wavelength region where the fullerene absorption is comparatively weak. The overall triplet quantum yields in toluene and o-dichlorobenzene are nearly identical with that found for the reference compound. Considering these values, our assignment of an efficient singlet-singlet energytransfer mechanism controlling the deactivation of the photoexcited fluorophore in fluorophore-heterofullerene conjugates 10-14 is unmistakably confirmed.
Experimental Section Photophysics
Picosecond laser flash photolysis experiments were carried out with 355-nm laser pulses from a mode-locked, Q-switched Quantel YG-501 DP Nd:YAG laser system (pulse width 18 ps, 2-3 mJ/pulse). Nanosecond laser studies were performed with laser pulses from a Molectron UV-400 nitrogen laser system (337.1 nm, 8 ns pulse width, 1 mJ/pulse). The photomultiplier output was digitized with a Tektronix 7912 AD programmable digitizer.
Fluorescence lifetimes were measured with a Laser Strope Fluorescence Lifetime Spectrometer (Photon Technology International) with 337-nm laser pulses from a nitrogen laser fiber-coupled to a lens-based T-formal sample compartment equipped with a stroboscopic detector. Details of the Laser Strobe systems are described on the manufacturer's web site, http://www.pti-nj.com.
Emission spectra were recorded with a SLM 8100 Spectrofluorometer. The experiments were performed at room temperature. Each spectrum represents an average of at least 5 individual scans, and appropriate corrections were applied whenever necessary.
General Remarks and Materials
(C 59 N) 2 (1) was prepared according to literature procedures.
[7a] 1 H and 13 C NMR spectra were obtained with JEOL JNM EX and JEOL JNM GX instruments. Mass spectrometric data were obtained on a Varian MAT 311 A mass spectrometer. UV/Vis spectra were recorded with a Shimadzu UV-3102 spectrometer. IR spectra were obtained with a Bruker Vektor 22 instrument. HPLC analyses Eur. J. Org. Chem. 2005, 1741-1751 www.eurjoc.org were carried out on a Cosmosil Buckyprep Waters column (250 × 4.6 mm) with toluene as eluent. Acetyl arenes 3-7 were bought from Aldrich and used without further purification. In the recently published results [11a] on molecular satellite dishes, 1-(hydroazafullerenyl)pyrene (2) has only been briefly mentioned, we therefore describe the synthesis and spectroscopic properties of this compound in this context.
General Experimental Procedure
(C 59 N) 2 (1) [60 μmol] and p-TsOH were dissolved in ODCB (20 mL). The corresponding amount (see below) of the acetyl compound (pyrene in the case of 2) was added to this solution. The reaction mixture was heated to 150°C while a constant stream of air was passed through the solution until all of the (C 59 N) 2 (1) was converted into the corresponding heterofullerene-fluorophore conjugate. The reaction was monitored by TLC (silica gel, toluene/ ethyl acetate, 9:1). p-TsOH was removed by flash chromatography with toluene as eluent. The purification of the heterofullerene adducts was carried out by preparative HPLC using a Cosmosil Buckyprep column with toluene as eluent [1-(admantyl) -2-(hydrazafullerenyl)ethanone (15) was isolated without HPLC purification]. The products were precipitated from CS 2 /pentane, washed three times with pentane and dried under high vacuum.
1-(Hydroazafullerenyl)-pyrene (2):
Pyrene (5 equiv.), p-TsOH (15 equiv.). Yield: 11.8 mg, 18 %. IR (KBr): ν = 3037, 2957, 2851, 1735, 1637, 1582, 1547, 1508, 1459, 1422, 1384, 1315, 1288, 1261, 1247, 1214, 1184, 1091, 1033, 962, 906, 843, 810, 759, 711, 683, 613, 578, 567, 555, 524, 480, 470 2846, 1703, 1636, 1582, 1550, 1510, 1448, 1423, 1343, 1315, 1291, 1238, 1214, 1196, 1186, 1143, 1108, 1092, 1047, 1010, 970, 931, 842, 809, 766, 745, 733, 720, 669, 648, 578, 568, 556, 524, 503, 480, 468, 420 
